Emergency resuscitation in Intensive Care Units (ICUs) requires effective team communication to orchestrate the joint performance of several individuals. While team simulation training has proven an effective means to improve communication skills in high-risk environments, the influence of debriefing content on simulation-based learning is less clear. In the present study, ten ICU teams completed three consecutive cardiac resuscitation scenarios, followed by a three-month follow-up. Control teams received a debriefing based on resuscitation technical skills after each of the first three scenarios while the experimental teams' debriefing focused on team communication. Results showed that while information sharing improved for all teams, communication quality improved only for experimental teams, and these training benefits dissipated after three months. The study helps develop a methodology for assessing team communication and highlights the importance of frequent team simulation-based training and debriefing in emergency medicine that includes both technical and non-technical skills.
7 TEAM COMMUNICATION TRAINING Sandahl et al., 2013) . CRM communication training objectives include standardization of critical information, directed communication (rather than open-ended broadcast to the room), "closedlooped" communication (both the sender and receiver have acknowledged the information transfer), and the use of situation updates by "thinking aloud" (Fanning, Goldhaber-Fiebert, Undani, & Gaba, 2013; Gaba, 2010; Helmreich et al., 1999) .
Multidisciplinary simulation-based team training using CRM is recognized by many researchers and practitioners as an integral component of ongoing quality-improvement efforts to improve the teamwork skills that cannot be taught in a typical classroom setting (Daniels & Auguste, 2013) . Medical CRM training is typically conducted either in situ or in dedicated simulation centers, across learner populations from novice to expert, and conducted as singlediscipline courses or with multidisciplinary and inter-professional teams (Fanning et al., 2013) .
Such exercises have proven a useful tool for analyzing communication patterns and errors in ICU teams (Nishisaki et al., 2011) , for assessing residents' CRM skills as performed as part of a team (Kim, Neilipovitz, Cardinal, Chiu, & Clinch, 2006) and for developing teamwork abilities in ICU (Okuda et al., 2009) . Simulation exercises permit a high level of scenario realism that allow learners to practice technical and non-technical skills without threat to patient safety (Issenberg, McGaghie, Petrusa, Lee Gordon, & Scalese, 2005) . However, high-fidelity simulation might be more suitable for experts rather than novice learners, as the increased realism can potentially overwhelm the novices and distract from the learning objective (Alessi, 1988) . Simulation-based training, and importantly the debriefing afterwards, provide a promising opportunity for developing these non-technical skills in emergency medicine. Simulation focuses on active learning, building confidence and enhancing judgment, while debriefing provides purposeful direction to help improve thinking and clarify thought processes (Mayville, 2011) . High-fidelity 8 TEAM COMMUNICATION TRAINING simulation and debriefing are viewed as educational modalities critical for learning (Salas et al., 2008) . Debriefing can be accomplished through several methods, including verbal feedback insitu and video-assisted verbal discussion immediately following the simulation exercise to assist students in assessing their performance (Dufrene & Young, 2013; Garden, Le Fevre, Waddington, & Weller, 2015) . Participants tend to consider debriefing as the most important part of training (e.g., Gaba et al., 2001) . Indeed, structured debriefing (Gaba et al., 2001; Marks et al., 2000 ) is a proven qualifier in standardized aviation communication and is linked to team performance (Campbell & Bagshaw, 2002) . One meta-analysis of 46 studies found that debriefs improve individual and team performance relative to a control group by approximately 25% (Tannenbaum & Cerasoli, 2013) . According to their meta-analysis, debriefing works best when structured and facilitated, and properly aligned. According to the alignment principle, when the training objective is to improve team effectiveness, it is optimal to conduct debriefs with teams, to focus on improving the team, and to measure the performance of the team as a whole.
In terms of the specific content, one study demonstrated that debriefing on the physical skills required for CPR tasks (e.g., chest compression quality, defibrillation timing) was evaluated by respondents to be more useful for improving their knowledge, performance, and confidence in CPR than was debriefing on cognitive skills (e.g., communication, heart rhythm recognition, medication dosage) following resuscitation of actual pediatric cardiac arrest patients (Zebuhr et al., 2012) . In a similar manner, Bond and colleagues (2006) studied emergency medicine residents' perception of high-fidelity mannequin-based simulation and two debriefing styles on patterns of thought that may lead to suboptimal decisions (i.e., metacognition regarding error). The technical debriefing condition provided more information on the clinical knowledge topics covered by the scenarios while cognitive debriefing focused more on various types of 9 TEAM COMMUNICATION TRAINING metacognitive (i.e., thinking about one's own thinking) error for clinical decision making.
Results showed that while the cognitive debriefing group made more and qualitatively richer comments regarding the cognitive error concepts, the technical debriefing was better received.
While there is ample evidence showing that technical debriefings help with the acquisition of medical knowledge (Tannenbaum & Cerasoli, 2013) , relatively little is known about how non-technical debriefings may help with the development of non-technical skills such as team communication, known to improve SA and contribute to team safety and efficiency (Helmreich et al., 1999) . Indeed, the 2010 International Consensus guidelines for team emergency cardiovascular care identifies specific knowledge gaps on the differential effectiveness of debriefings on technical versus non-technical skills . Further investigation is required to assess whether non-technical debriefing can help with the acquisition of team non-technical skills such as team communication, and to isolate its effect from the actual training intervention.
Team communication measurement
Assessing a team's communication skills is no simple task. The traditional approach is to observe and rate team members' communication, but this is often time consuming and can sometimes face problems of inter-rater reliability. As an alternative and more objective method, Blum and colleagues developed a measure of information sharing by giving information probes to individual team members and assessing the extent to which each probe was exchanged among members (Blum, Raemer, Carroll, Dufresne, & Cooper, 2005) . Reluctance of team members to convey unique patient information to other team members is linked with poor decision making and reduced team performance (Stasser, 1992; Wittenbaum & Stasser, 1996) . Blum and colleagues' technique required a confederate to isolate one of the team members and divulge a TEAM COMMUNICATION TRAINING piece of predetermined information about the patient (e.g., that the patient is HIV positive).
There were four such probes placed in each scenario, and teams were tested immediately afterwards on their knowledge of these unique pieces of clinical information, as an indicator of the extent of team information sharing during the simulation exercise. Based on this probe technique, the effectiveness of team training was assessed by comparing the percentage of group sharing between the first scenario and the last (which followed simulation-based communication training). While the authors found no difference in group sharing between pre-and post-training scenarios (28% and 26% respectively), this may reflect issues with the method rather than the ineffectiveness of the training exercise. The placing of probes by the confederate was difficult to do discretely (about a third were possibly overheard), meaning that the number of correctly placed probes varied between scenarios (sometimes only one out of four). There was also the possibility that results were distorted by memory bias, since the authors only considered the information as having been shared if the trainee remembered having heard it. Blum and colleagues concluded that the use of planted probes to test for information sharing is potentially viable as a research tool, but it needs further development in order to overcome the issues with probe placement.
The present study
The current study is based on the notion that teams can improve their communication skills through high fidelity simulation-based training and debriefing. A first objective of the study was to examine the unique contribution of debriefing content on team communication training. We were specifically interested in determining whether a debriefing oriented towards the training objective is essential to observe a training benefit, or whether team communication could be improved with high fidelity simulations, regardless of debriefing content. This scale was a 10-cm horizontal line with the words "Absent" and "Present" at each end and the middle indicated by a vertical line (see Appendix A). Raters were asked to put a cross on the straight line at the point that most accurately expressed their assessment of that member's communication skill. Using a ruler, the score was determined by measuring the distance (cm) on the 10-cm line between the "Absent" anchor and the rater's mark, providing a score between 0 and 10 that was rounded to the nearest 0.5. Ratings were then averaged across the three 8-min segments to generate a mean score for each team member regarding the seven communication markers.
Information Sharing. Information sharing was assessed using Blum et al.'s (2005) technique of tracing clinical information (probes) among team members. This approach is based on research showing that the extent to which team members convey unique patient information to other team members is linked to decision-making quality and team performance (Stasser, 1992; Wittenbaum & Stasser, 1996) . Embedded in the scenario preamble, team members received a unique piece of information (a "probe") that conveyed important information for patient management. The probe was mixed with the other information included in the scenario preface and was specific to each team member. Example probes were that the patient is difficult to intubate (intensivist), the patient is taking cocaine (respiratory therapist), the patient did not receive antibiotics (nurse 2), and the patient has pinkish-colored urine (orderly). Two independent observers (different from those who had rated communication quality) viewed all video recordings of the simulation sessions and checked whether team members shared their probe during the simulation. Data collected by the two observers were compared for quality assurance and any discrepancy between observers was checked by a third-party. error, septic shock, etc.). While questions and concerns related to communication may have been addressed in certain cases, they were not initiated by the instructor. All of the topics discussed in the experimental and the control group are presented in Appendix B. Those topics were all discussed in the first debriefing. Then, after each simulation, only problematic topics were discussed again. In order to prevent study bias, participants were told that the purpose of the study was to examine whether high-fidelity simulation can be used to improve teamwork. The real objective of the study was only disclosed to participants at the end of the study.
Results

Demographics
The summary of demographic information is presented in Table 1 . A small amount of missing data (frequencies ranging from 1 to 4) was found for three of the five variables. 
Communication quality
Inter-rater reliability. All simulation sessions were coded by four raters. Intraclass correlations were performed to determine the reliability of ratings between the four raters (raters 1 and 2, raters 1 and 3, and so on). Intraclass correlation coefficients ranged from .78 to .88, indicating a strong agreement between raters. TEAM COMMUNICATION TRAINING showed ceiling effects and could prevent the detection of differences between experimental conditions. As internal consistency was good between the four markers included in the first factor (Cronbach's alpha = .87), we computed a measure of communication effectiveness for each team member by adding the score of those four markers (closed-loop communication,
Percentage of communication effectiveness.
shared plan of action, active information exchange, and message clarity). The metric was then TEAM COMMUNICATION TRAINING transformed into a percentage (a 100-point scale) instead of a 40-point scale in order to facilitate data interpretation.
[ Table 2 Post hoc contrasts with Bonferroni adjustment revealed a short-term benefit of training, i.e. a greater percentage of shared probes at simulation 3 than at simulation 1 (p = .01). However, no long-term training effect was observed when contrasting the percentage of shared probes at simulation 1 with that at simulation 4 (p = 1). Finally, results showed a significant decrease regarding the percentage of shared probes from simulation 3 to simulation 4 (p = .04). Neither the effect of group nor the two-way interaction was significant, Fs < 1.
[ Figure 3 ]
DISCUSSION
This study examined the impact of team training using high-fidelity simulation and debriefing as a means to improve team communication quality and information sharing within a multidisciplinary ICU team. First and foremost, our results suggest cross-professional team simulation training is worthwhile. Regardless of whether debriefing focused on communication or technical skills, teams that were allowed to train together for a brief period were better at sharing unique patient information; a communication skill that has been found to be associated with team performance (Stasser, 1992; Wittenbaum & Stasser, 1996) . All teams shared more critical patient information by the end of the simulation day compared to at the beginning.
Second, our study suggests that debriefing plays a critical role in the training of team communication and that its content should match the training objectives. Brief exposure to simulation training followed by a communication-based debriefing was successful in improving communication effectiveness among team members after the third training session. However, no training benefit was observed on communication quality when simulations were followed by a traditional debriefing with a focus on technical skills.
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Debriefing. Whereas all teams received video assisted debriefing after the simulation, only those who were exposed to communication-based debriefing were successful in improving their communication effectiveness. This suggests that debriefing content should match with the training objectives to be effective, and that discussing communication non-systematically, as was the case for control teams, was not enough to improve communication quality significantly.
Nevertheless, our study suggests that simulation per se is a powerful tool for improving team information sharing as both groups shared more unique information by the end of the training day. It is possible that -regardless of debriefing content -the benefits of timely information sharing become apparent simply through participation in the simulated scenarios: after all, ensuring that others are privy to all patient information can help with diagnosis, and thus is directly related to team performance. However, the quality of communication -the manner in which this information is conveyed to other team members (i.e., clarity, coherence, closed-loop communication, etc.) -may be a more subtle skill that only improves when debriefing explicitly addresses these issues.
The study provides further support for the benefits of simulation-based training in healthcare teams, and in particular the importance of simulation training on team performance and team cognition (Fernandez et al., 2017) . Regardless of debriefing content, all teams improved their information sharing which is a key determinant of team performance in emergency teamwork training (Morey et al., 2002) . A greater level of information exchange contributes to a higher level of team SA, by ensuring that all team members are aware of critical patient information , as well as the decisions and actions that are being taken. Poor communication can lead to incomplete knowledge, misunderstandings, and the use of individual heuristics (Croskerry, 2005) which in turn can affect the SA, with the team not 22 TEAM COMMUNICATION TRAINING benefitting from a shared understanding of the current situation and the factors that could affect it at any given time (Salas et al., 1995) . Indeed, it has been suggested that to gain SA, medical personnel adopt an approach of "aggressive skepticism" to avoid medical error (Stone, 2001) ; that is, they should be constantly evaluating, questioning, and information sharing within the team. There may be reasons for not sharing information and failing to achieve a high level of SA, such as complacency, heuristics, or lack of staff assertion; these are factors that are addressed in aviation training to improve communication and efficiency, and are now being recognized in medicine (Singh et al., 2006) .
Temporary effects.
In line with other research, our study showed a transient effect of simulation-based training in terms of communication quality and information sharing. The training benefits observed at the end of the training day had almost entirely dissipated by the 3-month follow-up. Such findings are not surprising given the extensive literature showing that learning is greatest immediately after exposure and then extinguishes over time (see Weinger, 2010) . In the context of healthcare, Stocker et al. (2012) suggest that multidisciplinary team training programs have a 6-to 12-month learning curve, and that repeated exposure to simulation is most beneficial to CRM training. Moreover, it has been shown that basic and advanced life support knowledge and skills can deteriorate in as little as 3-6 months (Nolan et al., 2010) , and that a single, isolated exposure may not be sufficient to produce lasting results (Stocker et al., 2012) . Frequent team simulation-based training may be required to maintain technical and nontechnical skills and to optimize the transfer of training from the simulation to real-work environments. Such recommendation is supported by the pharmacology-based model of Weinger (2010) predicting that a second exposure to simulation-based training (a redosing) before the complete extinguishing of the training benefit could lead to a higher peak effect and a longer 23 TEAM COMMUNICATION TRAINING duration. More research is required however to determine the optimal dose (e.g., hours of training), timing, and frequency of simulation-based training for technical and non-technical skills.
The absence of a long-term training benefit observed in the current study could also be explained by a difficulty of participants to generalize and apply simulation-based learning to the clinical environment. Two characteristics of our study may have influenced the transfer of training, and hence skill use during the three-month period between sessions 3 and 4. First, teams confirmed by the high reliability between the four raters. In addition to this traditional observational methodology, we adopted a new measure by assessing the extent of information sharing. Developed initially by Blum and colleagues (2005) , this approach requires no particular training and is more objective, logistically less complex, and less time consuming than observation, but still needed further development to test its sensitivity as a measure of communication skills. A number of modifications to Blum et al.'s methodology were made for the current study. First, by placing one unique piece of information with each team member, we were able to include more probes than in Blum et al.'s study (six rather than four), thus improving the sensitivity of the method. Second, we placed unique probes within each team member's written introduction to the scenario, rather than relying on a confederate to convey the information covertly. This created a more standardized methodology whereby unique information was always received by team members at exactly the same point in the task, and in exactly the same manner, and did not run the risk of information being inadvertently overheard.
As such, no data need be discarded due to unsuccessful probe placement. Finally, by recording scenarios we were able to circumvent the problem of memory bias -whereby team members were unsure if they had been told critical information or not -by looking back to confirm whether the critical information had indeed been shared. In addition to the face validity of this method, we were also able to demonstrate construct validity as more critical probes were shared TEAM COMMUNICATION TRAINING during the last scenario compared to the first, as was intended by the simulation-based training exercise. While Blum and colleagues found no benefit of information sharing following simulation-based training on communication skills, the modifications made in our study showed the method of inserting critical probes within a scenario is sensitive enough to reveal differences between pre-and post-training. 
